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Abstract
Background: The optimal surgical management of dislocated three- and four-part fractures of the proximal
humerus in elderly patients remains unclear. Most used techniques are hemiarthroplasty and angle-stable locking
compression plate osteosynthesis. In the current literature there is no evidence available presenting superior results
between hemiarthroplasty and angle-stable locking compression plate osteosynthesis in terms of speed of
recovery, pain, patient satisfaction, functional outcome, quality of life or complications.
Methods/Design: A randomized controlled multicenter trial will be conducted. Patients older than 60 years of age
with a dislocated three- or four-part fracture of the proximal humerus as diagnosed by X-rays and CT-scans will be
included. Exclusion criteria are a fracture older than 14 days, multiple comorbidity, multitrauma, a pathological
fracture, previous surgery on the injured shoulder, severely deranged function caused by a previous disease, “head-
split” proximal humerus fracture and unwillingness or inability to follow instructions. Participants will be
randomized between surgical treatment with hemiarthroplasty and angle-stable locking compression plate
osteosynthesis. Measurements will take place preoperatively and 3 months, 6 months, 9 months, 12 months and 24
months postoperatively. Primary outcome measure is speed of recovery of functional capacity of the affected
upper limb using the Disabilities of Arm, Shoulder and Hand score (DASH). Secondary outcome measures are pain,
patient satisfaction, shoulder function, quality of life, radiological evaluation and complications. Data will be
analyzed on an intention-to-treat basis, using univariate and multivariate analyses.
Discussion: Both hemiarthroplasty and angle-stable locking compression plate osteosynthesis are used in the
current treatment of dislocated three-and four-part fractures of the proximal humerus. There is a lack of level-1
studies comparing these two most-used surgical treatment options. This randomized controlled multicenter trial
has been designed to determine which surgical treatment option provides the fastest recovery of functional
capacity of the affected upper limb, and will provide better outcomes in pain, satisfaction, shoulder function,
quality of life, radiological evaluation and complications.
Trial registration number: The trial is registered in the Netherlands Trial Registry (NTR2461)
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Proximal humeral fractures account for approximately
5% of all fractures [1]. More than 70% of patients with
these fractures are older than 60 years of age, 75% are
women, and the fractures are often related to osteoporo-
sis [2,3]. For this elderly population the goal of treat-
ment of proximal humeral fractures is to maintain
independence of daily living by achieving a painless
shoulder with an adequate function.
The majority of proximal humeral fractures are non-
or minimally displaced, and are well treated nonopera-
tively [4,5]. In displaced three-and four-part proximal
humeral fractures surgical treatment is recommended
[5,6]. However, the optimal surgical management
remains controversial. A wide variety of treatment mod-
alities, varying from minimal percutaneous osteosynth-
esis to prosthetic replacement of the humeral head, has
been described. Besides a certain consensus regarding
prosthetic treatment of “head-split” fractures [6,7], the
surgical treatment of choice is based on preference
toward and experience with one of the treatment
options. Most comminuted proximal humeral fractures
are currently being treated with placement of a hemi-
shoulder prosthesis, or in case of treatment of the hum-
eral head with an angle-stable locking compression
plate.
Specially designed prostheses have been developed for
treatment of dislocated three-and four-part proximal
humeral fractures. Important is the refixation and heal-
ing of the tuberosities [8-10]. Several studies report
good outcomes regarding function, level of patient satis-
faction, pain and complication rate [10-13]. Factors
associated with poor outcomes are: secondary prosthetic
replacement after initial osteosynthesis, malunion, osteo-
lysis of the tuberosities, and excessive retroversion of
the prosthetic head or over-lengthening due to prosthe-
tic placement [14-18].
In recent years the use of angle stable locking compres-
sion plates has been popularized. Biomechanical data
suggest that these implants can resist physiological loads
in osteoporotic bone and may provide an alternative to
hemiarthroplasty [19-21]. Other theoretical advantages
compared to conventional plating are a reduction in
screw loosening, less dissection of soft tissue, less com-
promising of periosteal vascularization through minimal
plate pressure, and an increased primary stability which
enables early functional mobilization. The clinical utility
of angle-stable locking compression plates for three- and
four-part fractures of the proximal humerus remains
unclear [22-24]. Substantial rates of complications have
been reported. Factors associated with poor outcomes
are: the degree of varus malreduction, length of the initial
metaphyseal hinge attached to the articular fragment and
its correlation with osteonecrosis of the humeral head
and screw protrusion through the humeral head.
A recent review could not draw firm conclusions with
regard to which interventions are the most appropriate
to manage different types of proximal humeral fractures
[25]. Moreover, there are no level-1 randomized studies
that compare surgical treatment of displaced three- and
four-part fractures of the proximal humerus using hemi-
arthroplasty with surgical treatment using an angle-
stable locking compression plate. It is therefore unclear
which treatment leads to a better functional result: sur-
gical treatment performing hemiarthroplasty or humeral
head treatment with an angle-stable locking compres-
sion plate.
We designed a multicenter randomized controlled trial
to compare hemiarthroplasty with an angle-stable lock-
ing compression plate for the treatment of dislocated
three- and four-part fractures of the proximal humerus
in an older population. This paper reports the study
design of the HOMERUS (Hemiarthroplasty vs. Osteo-
synthesis in HuMEral FRactUreS) study.
Methods/Design
Study design
The HOMERUS study is designed as a level-1 multicen-
ter prospective randomized controlled trial. Four centers
in the Netherlands will participate. Eligible patients
attending the Emergency Room (ER) with a comminu-
ted proximal humeral fracture will receive information
about the trial at the ER. After written consent has been
confirmed, eligible patients will be randomly allocated
to the two different types of surgical treatment. To keep
the allocation of patients in different clinics even, block
randomization will be used. For every participating hos-
pital an exclusive sequence will be used and every block
will contain ten patients. Randomization will be accom-
plished via opaque, sealed envelopes. Follow-up will take
place over a period of two years. The inclusion period is
planned from January 2011 to December 2012. The
study design, procedures, protocols and informed con-
sent are approved by the Medical Ethical Committees of
the participating hospitals. The trial is registered in the
Netherlands Trial Registry (NTR2461), and is designed
in accordance with the Declaration of Helsinki [26] and
the Medical Research Involving Human Subjects Act. It
will follow the CONSORT (Consolidation of Standards
of Reporting Trials) guidelines [27,28].
Study population
All patients attending the ER with a three- or four-frag-
ment fracture of the proximal humerus with dislocation
on X-ray and who are older than 60 years of age will
undergo further CT-scan examination. If the CT-scan
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ture planes [29], the patient is eligible for inclusion
[table 1]. Patients with a fracture more than 14 days old,
multiple comorbidity, multitrauma (Injury Severity
Score > 15), pathological fracture, previous surgery on
the injured shoulder, severely deranged function caused
by a previous disease, head-split proximal humerus frac-
ture [6,7], or unwillingness or inability to follow rehabi-
litation instructions are excluded.
Interventions
Patients will be randomized to either hemiarthroplasty
or angle-stable locking compression plate osteosynthesis.
Hemiarthroplasty [Figure 1] will be performed using
the fracture shoulder prosthesis as provided at the parti-
cipating hospital. A standardized deltopectoral approach
with the patient in beach-chair position is used. After
identification of the greater and lesser tuberosities,
strong non-absorbable sutures are placed through the
bone-tendon junctions. The head fragment is taken out
and preserved for prosthetic head measurement. The
humeral shaft is prepared for the specific implant. Hum-
eral length is restored and the prosthesis is cemented in
approximately 20-30 degrees retroversion. Tuberosity
positioning is performed with the use of nonabsorbable
sutures to attach the fragments to the prosthesis, the
shaft, and to each other in an anatomic position.
Angle-stable locking plate osteosynthesis [Figure 2] is
performed with the patient in supine or beach-chair posi-
tion on a radiolucent table and a deltopectoral approach
is used. The fracture is reduced and provisionally stabi-
lized with (threaded) Kirschner wires. The reduction is
confirmed as adequate with use of image intensification.
The angle-stable locking compression plate is positioned
with the help of a mounted aiming device, at least 5-8
mm distally of the upper end of the greater tuberosity
and 2 mm posteriorly to the bicipital groove. Care is
taken to ensure that a sufficient gap is maintained
between the plate and the tendon of the long head of the
biceps. When fracture reduction and subsequent screw
positioning is considered adequate, the plate is fixed defi-
nitively with the insertion of angular stable screws in the
humeral head. The use of angular stable or standard cor-
tical screws for the humeral shaft holes is left to the treat-
ing surgeon. A final image intensifier check to verify
correct screw placement is performed.
The surgical procedures will be performed by a maxi-
mum of three qualified and experienced surgeons at
each participating hospital. Surgery will take place
within 2 weeks after the date of trauma. In both groups
the specific type of implant will be determined by the
attending surgeon at hospital the patient has been
admitted to. In both groups a standard deltopectoral
approach will be used. Antibiotic prophylaxis with first-
generation cephalosporin will be given intravenously,
preoperatively and for 24 hours postoperatively. Post-
operatively patients will receive thromboprophylaxis
during hospital stay (e.g. Low Molecular Weight heparin
(LMWH) or equivalent). In terms of rehabilitation, all
Table 1 Inclusion and exclusion criteria
Inclusion criteria
3- and 4-fragment fracture of the proximal humerus
> 5 mm dislocation in one of the fracture planes
> age 60 years
Exclusion criteria
Fracture older than 14 days
ASA IV-V
Multitrauma ISS > 15
Pathological fracture
Previous surgery on injured shoulder
Severely deranged function caused by a previous disease
“Head split” type fracture of proximal humerus
Unwillingness or inability to follow instructions
Figure 1 Example of proximal humerus fracture, managed by
hemiarthroplasty.
Figure 2 Example of proximal humerus fracture, managed by
angle-stable locking compression plate osteosynthesis.
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each hospital. After surgery, the patient receives a sling
for six weeks combined with mobilization instructions.
Two weeks postoperatively, active range of motion will
be increased to the horizontal level; after another two
weeks active external rotation will be initiated. Rehabili-
tation will be supervised by a physiotherapist.
Measurements
Outcome assessment will take place in both groups at
randomization (T0), 3 months postoperatively (T1), and
6, 9, 12 and 24 months (T2, T3, T4, T5) postoperatively.
Outcome assessment for T0, T1, T4 and T5 will take
place in an outpatient clinic setting and involves all out-
come measures. At six and nine months postoperatively
(T2 and T3) patients will only fill in a questionnaire that
will be sent and returned by mail [Figure 3]. Speed of
recovery of functional capacity of the affected upper limb
is our primary outcome measure. Secondary outcome
measures are pain, patient satisfaction, shoulder function,
quality of life, radiological evaluation and complications.
Functional capacity of the affected upper limb
The DASH score will be used to determine functional
capacity [30,31]. This questionnaire consists of 30 ques-
tions about symptoms and function of the upper limbs
that are affected by disorders of the musculoskeletal sys-
tem. It provides a single main score, the DASH function/
symptom score, which is a summation of the responses
on a scale of 0 (no disability) to 100 (severe disability).
T h ed e g r e eo fd i f f i c u l t yi np e r f o r m i n gav a r i e t yo fd a i l y
physical activities because of arm, shoulder or hand pro-
blems is determined (21 items), as well as the severity of
pain, activity-related pain, tingling, weakness and stiffness
(5 items), and the effect of the upper-limb problems on
social activities, work, sleep and self-image (4 items).
Pain
The amount of experienced pain is measured on a 10-
point Visual Analogue Scale (VAS), from no pain (0) to
most extreme pain imaginable (10).
Patient satisfaction
The amount of experienced satisfaction with the result
of surgical treatment is measured on a 10-point Visual
Analogue Scale, from no satisfaction at all (0) to com-
plete satisfaction (10).
Shoulder function
Functional outcome is measured with the Constant-
Murley score. This score system combines shoulder
function tests (65 points) with a subjective evaluation of
the patients (35 points) [32].
Quality of life
Health-related quality of life is measured with the Short-
Form 36 (SF-36) score. This is a validated multi-pur-
pose, short-form health survey with 36 questions, repre-
senting eight health domains [33,34].
Radiological evaluation
Standard X-rays (40° posterior oblique view with external
rotation of the humerus, 40° posterior oblique view with
internal rotation of the humerus, and an axillary view) and
computer tomography will be taken preoperatively and
used for classification of fracture type and surgery-plan-
ning purposes. Postoperative imaging will consist solely of
standard X-rays. Points of particular interest in hemiar-
throplasty are signs of loosening; periarticular calcification;
displacement, dislocation or necrosis of the tuberosities;
glenohumeral subluxation; periprosthetic lucency; compo-
nent shift; loss of glenoid cartilage; and presence of bony
erosion on the glenoid. In angle-stable locking compres-
sion plate osteosynthesis axial and rotational deformities
of the head fragment and/or greater tuberosity fragment
after surgery will be assessed radiographically according to
Bahrs et al. [35]. Secondary displacement of the fracture,
screw perforation, humeral head necrosis classified accord-
ing to Cruess [36], plate impingement and delayed fracture
healing/pseudoarthrosis will also be recorded.
Complications
All complications will be recorded during the study
period.
Sample size
Different studies on clinical outcomes following hemiar-
throplasty in the treatment of three- and four-part frac-
tures of the proximal humerus state that the DASH score
is about 40 [37,38]. Sample size calculation was performed;
primary outcome measure was the DASH score, whereby
10 points after 24 months was considered a clinically rele-
vant difference between the two groups, with a standard
deviation of 19.4, alpha set on 5% and power on 80%. This
resulted in a required number of 61 patients in each
group. Assuming a dropout rate of 10%, two groups of 67
patients will have to be included.
Statistical analysis
To estimate the effect of the interventions, analyses will
be performed using the Statistical Package for the Social
sciences (SPSS) 19.0. The baseline characteristics from
both study groups will be compared for equality by
means of an independent samples T-test for continuous
v a r i a b l e sa n dac h i - s q u a r et est for dichotomous vari-
ables. Random effect models will be applied for longitu-
dinal analyses. A p-value lower than 0.05 will be
considered as statistically significant. Data will be ana-
lyzed according to the intention-to-treat principle and
the research data will be reported following the CONso-
lidated Standards of Reporting Trial (CONSORT).
Discussion
Both hemiarthroplasty and angle-stable locking com-
pression plate osteosynthesis for dislocated three-and
four-part fractures of the proximal humerus in the
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surgical management remains controversial and a clear
distinction between indications for one of both treat-
ment options cannot be made on the basis of the
current evidence in the literature. To date, there are no
randomized controlled studies that compare the out-
come of hemiarthroplasty vs. angle-stable locking com-
pression plate osteosynthesis in the treatment of
Figure 3 Flowchart HOMERUS study.
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humerus. The HOMERUS study is designed to deter-
mine which treatment results in better outcome, defined
as speed of recovery of functional outcome. Further, it is
possible to identify which treatment will provide better
outcomes in pain, satisfaction, shoulder function, quality
of life, radiological evaluation and complications.
Acknowledgements
This project has received a grant from the Anna Fonds Foundation. This
foundation supports orthopaedic research in the Netherlands (no. O.2011/
22).
Author details
1Department of Orthopedic Surgery University Medical Center Groningen P.
O. Box 30.001 9700 RB Groningen, the Netherlands.
2Department of
Traumatology University Medical Center Groningen P.O. Box 30.001 9700 RB
Groningen, the Netherlands.
Authors’ contributions
PAV and RLD originated the idea for the study, contributed to its design
with KWW and IvA, and developed the intervention protocol. PAV is
responsible for the data collection and drafted the manuscript. All authors
have read, edited and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 29 December 2011 Accepted: 9 February 2012
Published: 9 February 2012
References
1. Helmy N, Hintermann B: New trends in the treatment of proximal
humerus fractures. Clin Orthop Res 2006, 442:100-8.
2. Kristiansen B, Barfod G, Bredesen J, Erin-Madsen J, Grum B, Horsnaes MW,
Aalberg JR: Epidemiology of proximal humeral fractures. Acta Orthop
Scand 1987, 58:75-7.
3. Jones G, Nguyen T, Sambrook P, Kelly PJ, Eisman JA: Progressive loss of
bone in the femoral neck in elderly people: longitudinal findings from
the Dubbo osteoporosis epidemiology study. BMJ 1994, 309:691-5.
4. Rose SH, Melton LJ, Morrey BF, Ilstrup DM, Riggs BL: Epidemiologic
features of humeral fractures. Clin Orthop 1982, 168:24-30.
5. Olerud P, Ahrengart L, Ponzer S, saving J, Tidemark J: Hemiarthroplasty
versus nonoperative treatment of displaced 4- part proximal humeral
fractures in elderly patients: a randomized controlled trial. J Shoulder
Elbow Surg 2011, 20:1025-1033.
6. Murray IR, Amin AK, White TO, Robinson CM: Proximal humeral fractures,
current concepts in classification, treatment and outcomes. J Bone joint
Surg Br 2011, 93-B:1-11.
7. Court-Brown CM, McQueen MM: Two part fractures and fracture
dislocations. Hand Clin 2007, 23:397-414.
8. Hawkins RJ, Neer CS, Pianta RM, Mendoza FX: Locked posterior dislocation
of the shoulder. J Bone Joint Surg Am 1987, 69:9-18.
9. Voigt C, Lill H: Primary joint replacement in proximal humeral fractures.
Eur J Trauma Emerg Surg 2007, 33:375-82.
10. Sperling JW, Cuomo F, Hill JD, et al: The difficult proximal humerus
fracture: tips and techniques to avoid complications and improve
results. Instr Course Lect 2007, 56:45-58.
11. Krause FG, Huebschle L, Hertel R: Reattachment of the tuberosities with
cable wires and bone graft in hemiarthroplasties done for proximal
humeral factures with cable wire and bone graft: 58 patients with a 22
month follow-up. J Orthop Trauma 2007, 21:682-6.
12. Fialka C, Stampfl P, Arbes S, Reuter P, Oberleitner G, Vescei V: Primary
hemiarthroplasty in four-part fractures of the proximal humerus:
randomized trial of two different implant systems. J Shoulder Elbow Surg
2008, 17:210-5.
13. Neer CS, Displaced proximal humeral fractures. II: Treatment of three-part
and four-part displacement. J Bone Joint Surg Am 1970, 52:1090-103.
14. Gierer P, Simon C, Gradl G, Ewert A, Vasarhelyi A, Beck M, Mittelmeier T:
Complex proximal humerus fractures management with a humeral head
prosthesis? Clinical and radiological results of a prospective study.
Orthopäde 2006, 35:834-40, German.
15. Robinson CM, Page RS, Hill RM, Sanders DL, Court-Brown CM, Wakefield AE:
Primary hemiarthroplasty for treatment of proximal humeral fractures. J
Bone Joint Surg Am 2003, 85:1215-23.
16. Bosch U, Fremery RW, Skutek M, Lobenhoffer P, Tscherne H: Hemi-
arthroplasty- primary or secondary measure for 3- and 4- fragment
fractures of the proximal humerus in the elderly? Unfallchirurg 1996,
99:656-664.
17. Boileau P, Krishnan SG, Tinsi L, et al: Tuberosity malposition and
migration: reasons for poor outcomes after hemi-arthroplasty for
displaced fractures of the proximal humerus. J Shoulder Elbow Surg 2002,
11:401-12.
18. Hasan SS, leith JM, Campbell B, Kapil R, Smith KL, Matsen FA:
Characteristics of unsatisfactory shoulder arthroplasties. J Shoulder Elbow
Surg 2001, 10:460-3.
19. Hessmann MH, Hansen WS, Krummenauer F, Pol TF, Rommens PM: Locked
plate fixation and intramedullary nailing for proximal humerus fractures:
a biomechanical evaluation. J Trauma 2005, 58:1194-201.
20. Walsh S, Reindl R, Harvey E, Berry G, Beckman L, Steffen T: Biomechanical
comparison of a unique locking plate versus a standard plate for
internal fixation of proximal humerus fractures in a cadaveric model. Clin
biomech (Bristol, Avon) 2006, 21:1027-31.
21. Lever JP, Aksenov SA, Zdero R, Ahn H, McKee MD, Schemitsch EH:
Biomechanical analysis of plate osteosynthesis systems for proximal
humerus fractures. J Orthop Trauma 2008, 22:23-9.
22. Agudelo J, Schürmann M, Stahel P, Helwig P, Morgan SJ, Zechel W, Bahrs C,
Parekh A, Ziran B, Williams A, Smith W: Analysis of efficacy and failure in
proximal humerus fractures treated with locking plates. J Orthop Trauma
2007, 21:676-81.
23. Moonot P, Ashwood N, Hamlet M: Early results for treatment of three and
four-part fractures of the proximal humerus using the PHILOS plating
system. J Bone Joint Surg Br 2007, 89:1206-9.
24. Owsley K, Gorczyca JT: Fracture displacement and screw cutout after
open reduction and locked plate fixation of proximal humeral fractures.
J Bone Joint Surg Am 2008, 90:233-40.
25. Handoll HH, Ollivere BJ: Interventions for treating proximal humeral
fractures in adults. Cochrane Database Syst Rev 2010, 8(12):CD000434.
26. World Medical Association Declaration of Helsinki. [http://www.wma.net/
en/30publications/10policies/b3/index.html].
27. Moher D, Schulz KF, Altman D: The CONSORT statement: revised
recommendations for improving the quality of reports of parallel group
randomized trials. JAMA 2001, 285:1987-91.
28. Boutron I, Moher D, Altman DG, Schulz KF, Ravaud P: Methods and Process
of the CONSORT group: example of an extension for trials assessing
nonpharmalogical treatments. Ann Intern Med 2008, 148:W-60-W-66.
29. Guix JMM, Pedros JS, Serrano AC: Updated classification system for
proximal humeral fractures. Clin Med Res 2009, 7:32-44.
30. Hudak PL, Amadio PC, Bombardier C: Development of an upper extremity
outcome measure; the DASH (disabilities of the arm, shoulder and
hand) [corrected]. The upper extremity collaborative group (UECG). Am J
Ind Med 1996, 29:602-8.
31. Veehof MM, Sleegers EJ, Veldhoven van NH, Schuurman AH, Meeteren
van NL: Psychometric qualities of Dutch language version of the
disabilities of the arm, shoulder and hand questionnaire (DASH-DLV). J
Hand Ther 2002, 15:347-54.
32. Constant CR, Murley AH: A clinical method of functional assessment of
the shoulder. Clin Relat Res 1987, 214:160-64.
33. Ware JE Jr, Sherbourne CD: The MOS 36-item short-form health survey
(SF-36). I. Conceptual framework and item selection. Med Care 1992,
30:473-483.
34. Aaronson NK, Muller M, Cohen PD, Essink-Bot ML, Fekkes M, Sanderman R,
et al: Translation, validation, and norming of the Dutch language version
of the SF-36 Health Survey in community and chronic disease
populations. J Clin Epidemiol 1998, 51:1055-1068.
35. Bahrs C, Oehm J, Rolauffs B, Eingartner C, Weise K, Dietz K, Helwig P: T-
plate osteosynthesis- an obsolete osteosynthesis procedure for proximal
humeral fractures? Middle term clinical and radiological results. Z Orthop
Ihre Grenzgeb 2007, 145:186-94.
Verbeek et al. BMC Musculoskeletal Disorders 2012, 13:16
http://www.biomedcentral.com/1471-2474/13/16
Page 6 of 736. Cruess RL: Steroid-induced avascular necrosis of the head of the
humerus. Natural history and management. J Bone Joint Surg Br 1976,
58:313-7.
37. Padua R, Bondi R, Ceccarelli E, Campi A, Padua L: Health-related quality of
life and subjective outcome after shoulder replacement for proximal
humeral fractures. J Shoulder Elbow Surg 2008, 17:261-264.
38. Greiner SH, Kaab MJ, Kroning I, Scheibel M, Perka C: Reconstruction of
humeral length and centering of the prosthetic head in
hemiarthroplasty for proximal humeral fractures. J Shoulder Elbow Surg
2008, 17:709-714.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2474/13/16/prepub
doi:10.1186/1471-2474-13-16
Cite this article as: Verbeek et al.: Hemiarthroplasty versus angle-stable
locking compression plate osteosynthesis in the treatment of three-
and four-part fractures of the proximal humerus in the elderly: design
of a randomized controlled trial. BMC Musculoskeletal Disorders 2012
13:16.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Verbeek et al. BMC Musculoskeletal Disorders 2012, 13:16
http://www.biomedcentral.com/1471-2474/13/16
Page 7 of 7